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SLEEP DISORDERS IN CHILDREN WITH CHRONIC HEADACHES 
ELISE BISHOP-RIMMER 
ABSTRACT 
Background 
Headaches and sleep disorders are common childhood complaints that both have 
detriments to the proper development of a child. It has been found that children with 
headaches have an increased association with sleep disorders when compared to their 
healthy counterparts. It has also been demonstrated that children with other chronic pain 
conditions, such as gastrointestinal or musculoskeletal conditions, have increased 
associations with sleep disorders. Neither groups have been compared to one another 
with regard to prevalence of sleep disturbance.  
 
Literature Review Findings 
This proposal includes a detailed literature review which is comprised mostly of cross-
sectional studies. The literature review discusses the large body of evidence that 
examines the relationship of headaches and sleep disorders in childhood. However, this 
review also highlights the limitations in the understanding of the importance of sleep to 
pediatric painful conditions in general, and specifically what difference exist between 
sleep in different types of chronic pain in children.  
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Proposed Project 
This cross-sectional study will evaluate the relationship between sleep disturbances and 
chronic pain disorders in children, which include headaches, inflammatory bowel disease, 
and juvenile arthritis. The goal of this research is to examine whether sleep disturbance is 
more common in children with headaches as compared to other pediatric chronic pain 
conditions. 
 
Conclusions 
This research will compare prevalence rates of sleep disturbances to evaluate if the 
prevalence will be greater in children with headaches as compared to other chronic pain 
conditions. Additionally, this study will determine if there is a difference in prevalence of 
sleep disturbances in children with headache subgroups. The completed research will 
further examine and build upon the existing knowledge regarding the relationship 
between pain and sleep.  
  
  vii 
TABLE OF CONTENTS 
 
TITLE……………………………………………………………………………………...i 
COPYRIGHT PAGE……………………………………………………………………...ii 
READER APPROVAL PAGE…………………………………………………………..iii 
ACKNOWLEDGMENTS ................................................................................................. iv 
ABSTRACT ........................................................................................................................ v 
TABLE OF CONTENTS .................................................................................................. vii 
LIST OF TABLES ............................................................................................................. ix 
LIST OF ABBREVIATIONS ............................................................................................. x 
INTRODUCTION .............................................................................................................. 1 
Background ..................................................................................................................... 1 
Statement of the Problem ................................................................................................ 2 
Hypothesis....................................................................................................................... 2 
Objectives and specific aims ........................................................................................... 2 
REVIEW OF THE LITERATURE .................................................................................... 4 
Overview of Topic .......................................................................................................... 4 
Overview of Headaches .............................................................................................. 4 
Tension Type Headache .............................................................................................. 4 
Migraine Headache ..................................................................................................... 7 
  viii 
Sleep Disturbances .................................................................................................... 11 
Existing research ........................................................................................................... 12 
METHODS ....................................................................................................................... 20 
Study design .................................................................................................................. 20 
Study population and sampling ..................................................................................... 20 
Exposure ....................................................................................................................... 21 
Study variables and measurement tools ........................................................................ 21 
Recruitment ................................................................................................................... 22 
Data collection .............................................................................................................. 22 
Data analysis ................................................................................................................. 23 
Timeline and resources ................................................................................................. 24 
Institutional Review Board ........................................................................................... 26 
CONCLUSION ................................................................................................................. 27 
Discussion ..................................................................................................................... 27 
Summary ....................................................................................................................... 28 
Clinical significance...................................................................................................... 30 
LIST OF JOURNAL ABBREVIATIONS........................................................................ 31 
REFERENCES ................................................................................................................. 32 
CURRICULUM VITAE ................................................................................................... 38 
 
  
  ix 
LIST OF TABLES 
 
 
Table Title Page 
1 Tension Type Headache Classification  ICHD 3rd Edition 5 
2 Tension Type Headaches Subcategories 6 
3 Migraine Headache with and without Aura Classification 
ICHD 3rd Edition 
7 
 
 
  
  x 
LIST OF ABBREVIATIONS 
 
ANOVA ............................................................................................... Analysis of Variance 
BMC ................................................................................................. Boston Medical Center 
CKIδ………………………………………………………………………Casein Kinase Iδ 
CBT ....................................................................................... Cognitive Behavioral Therapy 
CNS ................................................................................................ Central Nervous System 
CSD………………………………………………………...Cortical Spreading Depression 
CSHQ ....................................................................... Children’s Sleep Habits Questionnaire 
EMG ............................................................................................................ Electromyogram 
IV ........................................................................................................................ Intravenous 
JIA…………………………………………………………….Juvenile Idiopathic Arthritis 
JRA………………………………………………………....Juvenile Rheumatoid Arthritis 
MRI ........................................................................................ Magnetic Resonance Imaging  
NSAID ................................................................... Non-Steroidal Anti-Inflammatory Drug 
NTG…………………………………………………………………………..Nitroglycerin 
SPM………………………………………………………. Statistical Parametric Mapping 
SSR ........................................................................................................... Sleep Self Report 
TTH ................................................................................................. Tension Type Headache 
 
 1 
INTRODUCTION 
Background 
Chronic headache and sleep disturbances are two common complaints in 
childhood1. Children with chronic pain, such as chronic headaches, may suffer from poor 
sleep, which includes decreased duration, nighttime waking, and increased daytime 
sleepiness2,3,4,5. Additionally, headache timing plays a key role in sleep impairment, as 
headaches at night may be more likely to disturb sleep3. Moreover, headache frequency, 
duration, timing, and intensity also have an association with the duration and quality of a 
child’s sleep4. Children with headaches have been found to have more sleep complaints 
and impairments than their healthy counterparts5. It has been demonstrated that children 
with improved sleep hygiene (adherence to sleep schedule, limiting screen time before 
bed, sleeping in same bed without migrating to parent’s room) reported decreased 
headache durations after 6 months, suggesting a relationship between sleep and headache 
symptoms5. It is recommended that children with headaches should be screened for sleep 
disturbances, as these are known to be comorbid conditions4. Clinicians should obtain a 
careful history of the child’s sleep (sleeping patterns, daytime sleepiness, difficulty 
falling asleep) as these symptoms are common in children with headaches6. Furthermore, 
it has been found that use of a sleep diary might aid in monitoring and management of 
poor sleep in children with chronic headaches7.  
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Statement of the Problem 
Overall, the relationship between headaches and sleep disturbances in the 
pediatric population have been well studied in literature. However, there is a gap in 
literature related to precise understanding of the role of sleep in chronic pain, especially 
sleep disturbances in children with chronic headaches as compared to children with other 
chronic pain conditions. Furthermore, there is limited evidence comparing prevalence of 
sleep disturbance between subgroups of headaches.  
 
Hypothesis 
This study will test the hypothesis that sleep disturbances are more prevalent in children 
with chronic headaches in comparison to children with other chronic pain conditions. 
 
Objectives and specific aims 
The main objective of this research will be to evaluate if sleep disturbances are 
more prevalent in children with chronic headaches as compared to other chronic pain 
ailments. Specifically, this study aims to: 
 Determine the prevalence of sleep disturbances in a population of children 
with chronic headaches, chronic GI illnesses and chronic musculoskeletal 
conditions. 
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 Compare the prevalence of sleep disturbances in a population of children 
with chronic headaches to children with other chronic pain conditions. 
 Compare the prevalence of sleep disturbance in tension type headaches to 
migraine headaches.  
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REVIEW OF THE LITERATURE 
Overview of Topic  
Overview of Headaches 
 
Headaches are a common pediatric complaint and frequent presentation to 
pediatric primary care clinics9. Tension type headache (TTH) is the most common type 
with migraine being less common9. Lifetime prevalence rates for TTH range from 10% to 
25% in school-aged children9.  Furthermore, the prevalence of TTH increases with age, 
especially in girls10. The prevalence rate for chronic migraine in the US for ages 5-12 is 
less than 1% whereas that for ages 12-17 is 1-2%11. Migraine prevalence peaks in the late 
teens and 20’s12. Prevalence increases the fastest from ages 3-2012. Migraine prevalence 
is higher in females when compared to males12. The ratio of prevalence in females to 
males is highest during female reproductive years;12 girls and boys are affected at the 
same rate prior to puberty and after puberty girls are affected at higher rates11. 
Furthermore, patients with migraines often have a history of other family members with 
migraine diagnoses11. 
 
Tension Type Headache 
 
Pediatric TTH is defined by the International Classification of Headache 
Disorders, 3rd edition13 (ICHD), see Table 1. Tension type headache is a bilateral, non-
throbbing headache which may last from 30 minutes to 7 days13. Additionally, per ICHD 
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3rd edition guidelines, photophobia or phonophobia may be reported in TTH but both 
symptoms are not usually reported at the same time13. Unlike migraines, tension type 
headaches are less commonly associated with affecting daily activities or school 
attendance. Furthermore, there are three different subcategories of tension type headache, 
see Table 213, with chronic tension headache characterized by 15 or more headaches per 
month13. 
 
Table 1 Tension Type Headache Classification  ICHD 3rd Edition.  
International Classification of Headache Disorders (3rd Edition) 
Must have at least two of:  Bilateral location 
 Pressing sensation 
 Tightening sensation 
 Mild to moderate intensity 
 Pain not aggravated by physical 
activity 
Headaches not associated with:  Nausea 
 Vomiting 
No more than one of the following:  Photophobia 
 Phonophobia 
 
 
 
 6 
Table 2. Tension Type Headaches Subcategories 
Tension Type Headache Subcategories 
Infrequent episodic   More than one attack per month 
but less than 12 days a year 
Frequent episodic   Attacks on 1 to 14 days per year 
with no more than 180 days a year 
Chronic  Recurrent headaches 
 Long duration of headache 
 More than 15 attacks per month 
 
Treatment of TTH includes acute and preventative therapies. Acute treatment 
includes abortive analgesics, such as non-steroidal anti-inflammatory drugs (NSAIDs) or 
acetaminophen14. There is limited evidence for prophylactic medication in tension type 
headaches for children, however, low dose amitriptyline is commonly used. Both 
gabapentin and topiramate have been studied in the adult population as prophylaxis for 
tension type headache but evidence is limited in children15. Over the counter prophylactic 
supplements, such as magnesium and folate, are sometimes used in clinical practice and 
have been found to reduce TTH frequency16. Non-pharmacologic treatments, such as 
lifestyle changes, are also used to prophylactically treat headaches. These lifestyle 
improvements include proper hydration, limiting caffeine, avoidance of meal skipping, 
maintaining adequate sleep hygiene, and exercising regularly16.   
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Migraine Headache 
 
Migraine has a specific classification in children and is categorized into migraine 
with or without aura (Table 3).13 Migraine is defined as a throbbing headache and may be 
associated with symptoms like nausea, vomiting, photophobia, phonophobia or aura13.  
Migraine with aura includes visual, sensory, brainstem, speech, motor, or retinal 
symptoms that precede the migraine. Chronic migraine is characterized by headache 
symptoms occurring at least 15 days per month for at least 3 months13. 
 
Table 3. Migraine Headache with and without Aura Classification ICHD 3rd Edition 
International Criteria for Headache Disorders (3rd Edition) 
 Migraine without Aura Migraine with Aura 
Duration:  2 to 72 hours  2 to 72 hours 
At least two of 
the following: 
 Unilateral 
 Pulsating 
 Moderate to severe pain 
 Made worse by physical 
activity 
 Unilateral 
 Pulsating 
 Moderate to severe pain 
 Made worse by physical 
activity 
Must have at 
least one of the 
following: 
 Nausea 
 Vomiting 
 Photophobia 
 Phonophobia 
 Nausea 
 Vomiting 
 Photophobia 
 Phonophobia 
At least two 
headaches 
with: 
 
 
 
 
- 
 Visual, speech, motor, 
sensory, retinal, or 
brainstem aura symptoms 
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Must have at 
least two of the 
following aura 
symptoms: 
  Spreads gradually over 5 
minutes 
 Lasting at least 60 minutes 
 Unilateral distribution of 
at least one of the aura 
symptoms 
 Aura precedes headache 
by at least 60 minutes 
 
 
There are a few features of pediatric migraine which are distinct from adult 
migraine. Pediatric migraines are more commonly bilateral; whereas migraine headaches 
are typically unilateral in adult populations. Furthermore, in children frontotemporal 
headaches are most common; occipital headaches are rare and may raise concern for 
more serious other central nervous system (CNS) pathology. Lastly, children are less 
likely to vocalize sensitivity to light or noise so photophobia and phonophobia are more 
difficult to assess13. In both children and adults who suffer from migraine with aura, the 
aura will precede the headache and the headache will present on the same side as the 
initial aura20.  
The pathophysiology of migraine is complicated and has not been fully 
elucidated. There are multiple theories regarding the symptomology and etiology of 
migraines, however, the actual mechanism has yet to be understood17. It is thought that 
the primary mechanism is dysfunction of central neurons causing increased neuronal 
reactivity to multiple stimuli13. The inciting event appears to occur in the brainstem in the 
trigeminal ganglion and spreads via the trigeminal afferent neurons and basal thalamic 
nuclei13, 18. The trigeminal afferent neurons propagate the response by synapsing with 
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intra- and extra-cranial blood vessels, in addition to the trigeminal-cervical complex of 
the spinal cord18. It was previously hypothesized that the throbbing nature of migraine 
pain was due to vascular vasodilation, however, this has now been discredited13. It is now 
thought that migraine pain is mediated by neuro-inflammatory mediators, such as 
interleukin 1 beta and tumor necrosis factor alpha19. This theory is supported by the 
mechanism by which NSAIDs work19. NSAIDs have anti-inflammatory properties, 
decreasing inflammatory mediators like interleukin 1 beta; this mechanism is thought to 
be how NSAIDs treat migraine pain19. In migraine with aura, it is thought that cortical 
spreading depression in the occipital lobe is the principle etiology for visual aura 
symptoms20. Cortical spreading depression is characterized by a significant increase in 
glutamate release with a transient increase in cortical blood flow and an alternating 
steady decrease in blood flow afterward resulting in substantial shifts in cortical steady 
potential20.  
In the acute setting, treatments for pediatric migraine focus on terminating the 
headache as quickly as possible and early use of medication is an important step in 
management21. Children should sleep in a dark room when headache symptoms occur. 
Early use of NSAIDs, acetaminophen, triptans, and antiemetics are important in 
improvement of headache symptoms16,21. For mild to moderate migraines without nausea 
or vomiting the first line analgesics are NSAIDs or acetaminophen16,21. Administration of 
a triptan should be considered in children with severe migraines and nausea or vomiting, 
which is not responsive to first line analgesics16,21. For children with moderate to severe 
migraines refractory to both NSAIDs or triptans, the use of intravenous (IV) 
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prochlorperazine with IV ketorolac is an option in emergency situations22. Interestingly, 
medication overuse is a contributing factor to subsequent headaches called medication 
overuse headaches16,23,24. Therefore, care should be taken to not administer certain 
analgesics, such as triptans, for more than two days a week16,23. Thus, it is in the patient’s 
best interest to prevent migraines from occurring by using prophylactic medications and 
lifestyle modifications, rather than only using abortive measures once symptoms occur23.  
Preventative treatments for migraines in children include lifestyle modifications, 
pharmacologic therapies, and behavioral adjustments16. Some lifestyle modifications 
include the documentation of headaches in a diary to monitor triggering factors, such as 
weather, menstruation, stress, and lack of sleep16. Pharmacologic therapies include 
cyproheptadine, propanolol, amitryptaline, topiramate, and valproate16,24. These 
preventative therapies are not FDA-approved for use in ages less than 18 years old. 
Therefore, the decision to begin prophylactic medication is based on extrapolation data 
from the adult population16,24. Preventative treatments are started at a low dose and 
increased gradually until a therapeutic response is seen or the maximum dosage has been 
reached16,24. It is reasonable to switch to a different treatment if the child does not 
respond to the initial agent16,24. Behavioral modifications include cognitive behavioral 
therapy, biofeedback training, and relaxation techniques25. These behavioral therapies can 
help address the psychosocial issues of pediatric headaches, such as anxiety, depression, 
and sleep disturbances25. 
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Sleep Disturbances 
 
Sleep disorders in children are associated with impaired emotional, social, and cognitive 
development26. Thus, it is important to identify and treat sleep disorders in children in 
order to prevent delays in development26. There is a strong association between 
emotional impairments and sleep disturbance in children27. Children with sleep 
impairments are thought to be at higher risk for developing depression27. Furthermore, it 
is thought that the emotional and behavioral impairments may worsen poor sleep27. Sleep 
disorder symptoms vary by age in the pediatric population28. In contrast to overt fatigue 
in adults, children may present with daytime sleepiness, inattention, or behavioral 
issues28. In order to diagnose a sleep disorder, the symptoms must occur for at least three 
months, occur at least three times per week, and have significant involvement in the child 
or parents life29. Most childhood sleep disturbance symptoms can be organized into one 
or more of four categories: (1) difficulty maintaining or falling asleep, (2) increased 
daytime sleepiness, (3) abnormal breathing problems or snoring in sleep, and (4) 
abnormal movements or behaviors before or during sleep30. A sleep history should 
always include assessing for these complaints.30 
 The most common cause of daytime sleepiness in the pediatric population is 
inadequate length of sleep31. Behavioral sleep problems (bedtime refusal, sleeping in 
parents bed or locations other than child’s bedroom) in children are common and often 
result in increased awakenings at night and sleep onset delay31. Furthermore, medical 
conditions, such as pain, or certain medications can also contribute to impaired poor sleep 
practices31. 
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Similar to treating headaches prophylactically, treatment for sleep disturbances 
aims at preventing them from occurring. In adults, cognitive behavioral therapy for 
insomnia is first line32. This approach can also be used in children by creating bedtime 
structure, such as no screen time two hours before bed, regular bedtime schedule, and 
avoiding co-sleeping with parents32. Mindfulness techniques and biofeedback are taught 
by trained specialists in the pediatric chronic pain clinic and children can then utilize 
these skills prior to bedtime32. Mindfulness techniques can also be downloaded via apps 
on mobile phone devices (with the device screen turned off while meditating)32. Certain 
medications, like melatonin, can also be administered to help initiate sleepiness32. Other 
medications, such as amitriptyline, can help prophylactically treat headaches and 
simultaneously cause drowsiness32. It is also important to consider parental support when 
treating pediatric sleep impairment. Parents should be educated on techniques to help 
their children maintain a regular bedtime schedule and to help their children remain in 
their own bed for the duration of the night.  
 
Existing research 
A study by Miller et al. 2003, found that children with migraines have an increased 
prevalence of certain sleep disorders, such as insomnia, bruxismn (grinding of the teeth), 
co-sleeping, and snoring. Characteristics of migraines, such as frequency, duration, 
timing, and onset, were examined in comparison to sleep disturbances4. Pain severity of 
migraines was negatively correlated to sleep duration (r = -0.21; p < 0.05)4. Furthermore, 
the frequency of bruxism was positively associated with the frequency of migraines (r = 
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0.26; p < .01)4. Interestingly, hierarchical multiple regression found that frequency and 
duration of migraines were good predictors of parasomnia (r = 0.23; p < .05) and bedtime 
resistance (r = 0.22; p < .05)4. This study was limited due to the cross-sectional design; it 
was not a longitudinal study. However, few longitudinal studies are available in this 
specific area of research interest. These findings suggest a relationship between sleep 
disturbances and certain headache characteristics, such as duration and frequency4.  
Although an older study, Bruni et al. 1997 was one of the first studies to observe that 
children with headaches and poor sleep who were educated on sleep improvement had 
significantly fewer headache attacks than a control group who were not educated on 
proper sleep hygiene. Bruni et al. 1997, hypothesized that the frequency and duration of 
headache attacks could be improved with modifying sleep disturbances. A group of 
patients with migraines was instructed on how to improve sleep. Their mean duration and 
frequency of migraines were compared against a control group of migraine patients not 
instructed on how to improve sleep. Mean duration of migraines dramatically decreased 
in those instructed on how to improve sleep, from 234 minutes to 65 minutes at 6 months. 
Furthermore, the frequency of more than one migraine per week also decreased in those 
participants, from 35% to 11% at 6 months. Moreover, the study evaluated sleep 
problems and found that both groups had a high prevalence of bedtime issues and restless 
sleep. However, those instructed on how to improve sleep had a significantly lower 
prevalence of bedtime issues (42.55% vs. 25.87%, X2 = 5.15, p < 0.05) and restless sleep 
(4.04% vs 17.41%, X2 = 6.45, p < 0.05) compared to the control group. This study 
supports the relationship between headache and sleep disturbances evaluated in previous 
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research. Interestingly, the authors further propose the possibility that poor sleep and 
headaches create a feedback cycle of mutual reinforcement3. 
Luc et al. 2006, further examined the relationship between children with headaches 
and sleep disorders. The sleep disorders investigated were excessive daytime sleepiness, 
narcolepsy, insomnia, sleep apnea, restlessness, and parasomnias. The 60 cases in this 
study were matched by age and sex to control patients who were seen in the pediatric 
clinic but not for neurologic complaints. The control and study group then completed a 
111 question Likert-type scale Pediatric Sleep Questionnaire6. Depending on the 
frequency of symptoms, the subjects were given six separate scores for insomnia, 
parasomnia, daytime sleepiness, narcolepsy, sleep apnea, and restlessness6. Each 
headache participant was matched to a control patient by age and gender6. When Luc et 
al. 2006, compared headache to non-headache patients with a two tailed t-test, it was 
found that headache participants scored higher on the Likert scale as compared to 
controls for difficulty falling asleep (4.72 vs 2.08; p = 0.0004), narcolepsy (1.17 vs 0.34; 
p = 0.0003), and excessive daytime sleepiness (5.83 vs 2.77; p = 0.0001)6. The authors 
also reported no significantly higher prevalence of sleep apnea, restlessness, or 
parasomnias, contradictory to previous studies6. Interestingly, Luc et al. 2006 proposed 
that headaches and sleep disturbances arise from a common intrinsic pathway rather than 
one being the cause of another. It is thought that headaches and sleep disorders arise from 
similar locations in the brain and are the result of circadian rhythm disruptions or 
neurotransmitter changes6. This proposal has been suggested in previous literature by 
studying serotonin levels in migraines, which found that serotonin levels decrease during 
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migraine attacks6.  Thus, it is thought that dysregulation in the serotonin pathway might 
be a common mechanism between sleep disorders and headaches where serotonin is a 
modulator of REM sleep6. Although this study further supports the association between 
sleep disorders and headaches, there was a notable limitation. Recall bias might have 
confounded the data as parents of children with chronic headaches might be more aware 
of their child’s behavior and, therefore, more likely to report their symptoms6. 
A review by, Holland 2014, included multiple studies which further examined the 
physiologic relationship between sleep and migraine, solidifying the relationship between 
sleep disruption and headaches. Denuelle et al. 2007 found that the hypothalamus appears 
to be involved in the pathophysiology of migraines. Magnetic resonance imaging (MRI) 
and Statistical Parametric Mapping (SPM), demonstrated increased blood flow to the 
hypothalamus during migraine attacks33. This confirms the role of hypothalamic 
activation during migraine attacks as there was significant blood flow before sumatriptan 
administration (Z-score: 4.43) and after sumatriptan administration (Z-score: 5.28; p = 
0.001)33.  As the hypothalamus is already a well-established sleep-wake control 
mechanism, it is thought that a dysfunctional hypothalamic network may be an 
underlying pathophysiologic driver for both headaches and sleep disruptions33.  
Furthermore, Coppola et al.2007, demonstrated that sleep deprivation in patients is 
associated with cortical hyperexcitability and heightened sensitivity to light which may 
be the driving factor for photophobia in migraine patients. It has also been reported that 
sleep deprivation can result in hypoexcitability of the motor cortex34. Therefore, it is 
thought that poor sleep in migraine patients causes a dysregulation of the cortical 
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excitatory and inhibitory pathways, which might predispose these patients to headaches34. 
Although only demonstrated in mouse models, Brennan et al. 2013, postulates that poor 
sleep can lower the threshold for initiation of cortical spreading depression (CSD). Mice 
with a mutation associated with migraine, casein kinase Iδ (CKIδ), were more sensitive to 
pain after treatment with a migraine trigger of nitroglycerin (NTG)35. The number of 
activated pain input neurons after NTG administration in wild-type and CKIδ-mutation 
mice were measured in this study35. A significant increase in the number of pain neurons 
were measured in CKIδ mice (mean = 34) as compared to wild type mice (mean = 11; p = 
0.0001) after NTG administration35. The CKIδ mice also exhibited increased elicitation 
of CSD as wild-type mice had median of 8.0 CSD/hour, whereas CKIδ mice had median 
of 9.5 CSD/hour (p = 0.03)35. The induction of CSD is proposed to be the driving factor 
for aura preceding migraine35. The aforementioned studies present additional evidence to 
further support the relationship between sleep and headaches. Although the etiology of 
sleep contributing to headache or headache contributing to sleep is still unclear.  
Sleep disturbance is not only associated with headaches but with other chronic 
pediatric pain disorders as well8. Siversten et al. 2009, examined sleep disturbances in 
children with chronic illness (asthma, epilepsy, diabetes, mental retardation) compared to 
healthy controls. The prevalence of sleep disorders was significantly increased among 
children with chronic conditions (6.8%) when compared to children without chronic 
conditions (3.6%; p < 0.001)8. It was also reported that children with behavioral and 
emotional problems had high rates of sleep problems in the group of children with 
chronic illnesses8. Siversten et al. 2009 controlled for behavioral problems in the analysis 
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and found an OR 5.41 (95% CI: 1.41, 8.40) for sleep problems. Furthermore, emotional 
disturbance was the strongest risk factor for sleep impairment OR=1.33 (95% CI: 1.08, 
1.51)8. It is thought that this relationship between poor sleep and emotional problems is 
due to bedtime anxiety and resistance8. This study further emphasizes the relationship 
between sleep, headaches, and emotional behaviors, which all should be addressed in 
overall headache management. However, this study did have some limitations which 
include parental reporting of chronic illnesses without medical confirmation of the 
diagnosis, no measurement of the severity or duration of sleep problems, and no validated 
diagnostic criteria to define sleep problems8.  
In addition to children with chronic headaches, children with chronic abdominal pain 
also have high rates of sleep impairments36. Sleep disturbance was evaluated in a cohort 
of children with functional gastrointestinal disorders and it was found that 45% of that 
sample reported problems with sleep onset and maintenance36. This is quite relevant 
when considering that only 25% of a general pediatric population report sleep 
disturbance36. Interestingly, in this study teens (25%) were observed to have more 
difficulty maintaining sleep than younger children (19.9%;  p < 0.05)36. Furthermore, 
sleep disturbance has also been investigated in children with musculoskeletal disorders, 
such as Juvenile Idiopathic Arthritis (JIA) or Juvenile Rheumatoid Arthritis (JRA). In a 
systematic review by Stinson et al. 2016, it was found that there is an association between 
poor sleep and increased JIA or JRA symptoms across ten different studies. One study in 
this review demonstrated that children with JRA had significantly increased means of 
sleep disturbance as compared to healthy controls38. Sleep was evaluated by two surveys, 
 18 
the Children’s Sleep Habits Questionnaire (CSHQ) and the Sleep Self-Report (SSR), and 
items were then rated on a 3-point scale38. It was found that children with JRA had 
increased means of day time sleepiness (11.88 versus 9.91), increased means of sleep 
anxiety (5.63 versus 4.89), and increased means of parasomnias (10.0 versus 8.19) as 
compared to the healthy control group with all results p<.0538. Another study in this 
review, by Zamir et al. 1998, found that JIA patients exhibited shorter stage 2 sleep (8 
mins vs 13.5 mins; p<.001), stage 3 sleep (5.8 mins vs 9.8 mins; p<.001), and REM sleep 
(9.4 mins vs 15.1 mins; p<.02) when compared to healthy controls. Overall, studies in 
this area of research have shown that sleep problems are common in children who have 
chronic pain conditions, such as headaches, abdominal, or musculoskeletal illnesses37, 38.  
Kemper et al. 2016, further examined the association of certain diagnoses, such as 
stress, sleep disturbance, anxiety, and depression, with headache symptoms in 
adolescents. The population evaluated in this study were adolescents seen in migraine 
clinics with histories of recurrent headaches9. Headache debility was evaluated with the 
Headache Impact Test (HIT-6), which assesses headache disability for migraine and 
TTH, and also correlates well to headache severity9. Anxiety and depression were 
evaluated with a Likert scale named the Patient Reported Outcome Measurement 
Information System (PROMIS) - Short Form Scale9. Sleep disturbance was assessed 
using the PROMIS Sleep Disturbance Scale9. This cross-sectional survey found a 
moderate correlation between increased risk of depression and sleep impairment (r=0.61, 
p<.0006)9.  Depression was the only factor that significantly correlated with the HIT-6 
score (r = 0.52; p = 0.0006); correlations between HIT-6 and stress or anxiety were not 
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significant9. This study again demonstrated significant associations between poor sleep, 
emotional disturbance, and headaches9. Moreover, this study reports a significant 
correlation between headache severity and depression9. However, there were some 
limitations, which include having a small sample size, an age group with no subjects less 
than 12 years old, and as a cross-sectional study it cannot establish causal relationships9. 
Overall, it has been well documented that many children with headaches have some 
sort of association with sleep disturbances3, 4, 42. However, there is a gap in the literature 
when comparing the prevalence of sleep disturbances in patients with headaches to other 
pain conditions. As poor sleep seems to be a trigger for headaches and sleep impairments 
and headaches are thought to arise from the same area of the brain, it is hypothesized that 
children with chronic headaches will report more sleep disturbances than children with 
other chronic pain conditions3, 17. This project aims to determine whether children with 
chronic headaches have a higher prevalence of sleep disturbances than other pediatric 
pain conditions.  
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METHODS 
Study design 
This proposal will be a cross-sectional study on sleep disturbances in two 
different groups of children: children with chronic headaches (group 1) and children with 
chronic inflammatory bowel disease and juvenile arthritis (group 2). 
 
Study population and sampling 
The population from which the proposal sample will be drawn will be patients 
from a Pediatric Chronic Pain Clinic at Boston Medical Center. Headache diagnosis will 
be based on the diagnostic criteria of the International Headache Society (ICHDIII). 
Inclusion criteria for patients will be patients between the age 5 and 18 years and a 
diagnosis of one of the following: chronic tension type headache; migraine with or 
without aura; inflammatory bowel disease; or juvenile arthritis. Exclusion criteria for 
patients will be having any other significant medical condition or any other neurologic 
condition, other than depression. The primary study aim will be to determine whether 
there is an increased prevalence of sleep disorders in children with chronic headaches as 
compared to children with other chronic pain conditions. The sample size will be 194 
based on the power of 0.80, alpha level of 0.05, beta level of 0.20, and incidence of 60:40 
for groups 1 and 243. The incidence is based off of prevalence estimations for sleep 
disturbance in children with headaches and other pain disorders36,44. Perez-Villena et al. 
2016, estimate the prevalence of sleep disorders in children with headaches (group 1) to 
be 58%. Therefore, our proportion was rounded up to 60%. Schurman et al. 2012 
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estimated the prevalence of sleep disturbance in children with chronic gastrointestinal 
illness to be 45% and, therefore, our proportion was rounded down to 40%. As the 
chronic pain clinic sees more children with headaches the target size for group 1 will be 
116 participants and the target size for group 2 will be 78 participants. 
 
Exposure 
As this is an observational cross-sectional study, the groups will be based on 
disease status. One group will be children diagnosed with chronic headaches. The second 
group will be children diagnosed with chronic inflammatory bowel disease or chronic 
juvenile arthritis.  
 
Study variables and measurement tools 
As this is an observational study the key variable will be measured by surveys. 
Demographics including age, gender, and insurance type will be collected from the 
electronic medical records. Depression is a potential confounder and will be collected 
from the electronic medical record. The key variable in this study is the prevalence of 
sleep disturbance in chronic pain conditions. The Pediatric Quality of Life Inventory 
(Peds QL) and Pediatric Pain Interference – Short Form, from the PROMIS Pediatric 
Item Bank are the two surveys that will be used in this study as they are both 
standardized and validated45, 46. Both surveys query if the participants have trouble 
sleeping. The PedsQL survey also queries about depression and anxiety45. Both surveys 
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use the same scoring system: 0 (Never); 1 (Almost never); 2 (Sometimes); 3 (Often); and 
4 (Almost Always).  
 
Recruitment 
The subjects will be recruited from the Pediatric Chronic Pain Clinic at Boston 
Medical Center. These patients are all referred to the Pain Clinic due to their medical 
diagnoses. The patients with chronic headaches, inflammatory bowel disease, and 
juvenile arthritis diagnoses will then be offered to complete the Peds QL and the Pediatric 
Pain Interference surveys when they are first seen in the clinic. The recruitment will then 
stop once the sample size requirement is met and all participants are enrolled into the 
study. 
 
Data collection 
The Peds QL and Pediatric Pain interference surveys will be electronically 
entered into a spreadsheet and all patient information will be coded so that all data is de-
identified. Each patient who completes the Peds QL and Pediatric Pain Interference 
surveys will be provided with a research number. The surveys have a grading system 
built into their question base which can be easily transferred to a spreadsheet format.  The 
information from the EMR will also be entered into the spreadsheet based off of each 
participant’s unique research number.  
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Data analysis  
Data will be analyzed once all of the surveys have been completed and study 
sample size requirements have been met. First, the prevalence of sleep disturbance in 
children with chronic headaches will be calculated and then the prevalence of sleep 
disturbance in children with chronic inflammatory bowel disease and juvenile arthritis 
will be calculated. A score of 3 or 4 on the surveys will be qualified as yes to sleep 
disturbance. A score of 0 to 2 on the surveys will be qualified as a no to sleep 
disturbance. If a participant scores a 2 on one survey and a 3 on the other survey then that 
data will not be collected and that participant will not be included in the sample size. In 
that scenario a new participant will need to be recruited to the study.  
Second, the prevalence within the two groups will be compared using a chi square 
analysis. Statistical significance will be defined with the degrees of freedom and 
predetermined alpha level (0.05).  A multivariate analysis via logistic regression will be 
conducted in order to control for potential confounders, such as depression.  
Lastly, a further subgroup analysis will be performed among those participants 
with headaches to evaluate the association between headache type and sleep disturbances. 
A comparison of prevalence between these two groups will be calculated with chi square 
analysis and, as above, statistical significance will be defined with the degrees of freedom 
and predetermined alpha level (0.05). Multivariate analysis via logistic regression will 
also be completed for this sub-analysis in order to control for potential confounders.  
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Timeline and resources 
TIMELINE 
3 months  IRB submission and approval 
 Plan for data extraction 
4 to 13 months  Initial research participant contact 
 Research participant consent and 
recruitment 
 Data collection and entry  
14 to 17 months  Data collection and extraction 
 Begin study data analysis  
18 to 24 months  Complete data analysis 
 Study completion 
 Peer-reviewed manuscript 
submission 
 
 
 
 
RESOURCES 
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Administrative  Research assistant personnel for 
consenting, data collection, and 
data entry 
 Statistical consultation 
Logistics/Materials   Consent paperwork 
 Informational paperwork, phone 
calls 
 Statistical software and consulting 
 Pain clinic facility use 
Clinical Support  Pediatric primary care consultation  
Registration Costs  Annual meetings and conferences 
for presentation  
 
In summary, the duration of this study is expected to be 24 months from the IRB 
approval to the peer-review manuscript submission. Research participant consent, 
recruitment, and data entry will last 10 months. Data extraction and data analysis will last 
4 months. Lastly, completion of data analysis, study completion, and peer review 
submission with last 6 months.  Multiple resources will be required for this project to be 
completed within the stated timeline above. These resources include research assistants 
for consenting, data collection, and data entry. A statistical consultation will be required 
for interpretation and analysis of data. Also use of the pediatric chronic pain clinic will be 
needed for participant recruitment and follow-up.  
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Institutional Review Board 
A full Institutional Review Board (IRB) protocol will be submitted for review to 
the Boston University Medical Campus (BUMC) and Boston Medical Center (BMC) IRB 
to protect human subjects. All research staff will complete the BUMC/BMC required 
training for human researchers. Additionally, as this is a pediatric population and children 
are considered a vulnerable population, the consent of a parent or legal guardian, in 
addition to the assent of the child, will be required.  
 27 
CONCLUSION 
Discussion 
It has been well documented in the current literature that there is a relationship 
between sleep disturbances and pediatric headaches. However, there have been few 
studies that evaluate sleep disturbances in other pediatric pain conditions. This study will, 
thus, fill a gap in the literature when understanding sleep disturbances in pediatric 
headaches compared to other pediatric pain conditions.  
There are a few limitations to this study and the current literature on pediatric 
chronic headaches. Most studies investigating pediatric chronic headaches, including this 
study, are cross-sectional analyses. Therefore, most of the data and analysis on pediatric 
chronic headaches and sleep disturbances can only examine the relationship between 
these two variables and cannot prove causation. Future studies could conduct randomized 
control trials on treating pediatric headaches and monitoring whether there is a reduction 
in sleep disturbances.  
Another limitation for this study is generalizability. Although headaches are a 
common diagnosis in the pediatric population, the children referred to the Pediatric Pain 
Clinic tend to have more severe symptoms than children in the general population. The 
same is true for the children with inflammatory bowel disease or juvenile arthritis who 
were referred to the pain clinic. It is also worth noting the small sample size of 197 
participants although per sample size calculations the study is fully powered. A future 
study could expand the number of participant sites in order to recruit pediatric patients 
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from primary care facilities across the United States to allow for more generalizability of 
the results. 
A final limitation includes potential confounders such as depression, anxiety, 
coping, and school avoidance. However, the reasoning behind using logistic regression in 
our data analysis is an aim to control for these possible confounders. 
 
Summary 
As headaches are a common complaint in children and current literature has 
demonstrated a relationship between headaches and sleep, it is important to further 
evaluate this association in order to allow for a better understanding of these 
conditions4,9. As little research has been conducted in assessing the relationship between 
sleep disturbances and other pediatric pain conditions, this is another important area of 
study. Current research has demonstrated that there is a strong association between pain 
and sleep but has failed to determine the physiologic mechanism at this time19. In 
migraines, it is believed that neuro-inflammatory mediators, such as interleukin 1 beta 
and tumor necrosis factor alpha, are a cause of pain19. Overall, it is well documented that 
children who suffer from headaches or migraines have an increased prevalence of sleep 
disorders4. Current literature states that children who suffer from sleep disturbances are 
more likely to have an associated emotional or behavioral problem8. Moreover, recent 
research reports a strong correlation between depression, sleep disorders, and 
headaches27. Current literature has also demonstrated that children with sleep 
disturbances are more likely to have associated daytime sleepiness, narcolepsy, and 
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insomnia6. This study will provide further evidence to the importance of diagnosing a 
sleep disorder in children with headaches due to the multiple potential impairments 
associated with these conditions.  
The most common cause of daytime sleepiness in children is an inadequate sleep 
duration31. There are many different factors that can alter sleep besides pain, such as 
medications or other medical conditions31. No matter the cause of the sleep disturbance, 
current research has demonstrated that children who suffer from poor sleep have a higher 
association with impaired functional outcomes8. Sleep is incredibly important to a child’s 
development and current literature reports children who suffer from sleep disturbances 
may be at risk for impaired emotional, social, and cognitive development26. Therefore, it 
is important to address this complaint, especially in children with chronic headaches, to 
improve overall quality of life 8,9,27,41. It is for these reasons that our study is an integral 
part of this area of research. 
This study aims to evaluate the relationship between sleep disturbances in 
children with chronic headaches and those with gastrointestinal or musculoskeletal 
conditions. This research will compare prevalence rates of sleep disturbances between the 
two groups to confirm the hypothesis that the prevalence will be greater in children with 
headaches. Additionally, this study will determine if there is a difference in prevalence of 
sleep disturbances in children with TTH and migraines. We hope that this research will 
confirm what has been demonstrated in the current literature and will further build upon 
research of the relationship between pain and sleep. It would be beneficial to this field of 
research for future studies to investigate whether treatment of sleep disturbances 
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improves headache symptoms or vice versa. It would also be beneficial to evaluate how 
to best treat sleep disturbances and to determine what techniques both parents and 
children find most effective. 
 
 
 
Clinical significance 
The findings of this study will have important implications on how pediatric 
headaches are viewed in clinical practice. Current literature has demonstrated the 
importance of sleep on the emotional, physical, and cognitive development of children26. 
Recent studies have also demonstrated high prevalence of sleep disturbance in children 
with headaches and gastrointestinal or musculoskeletal disorders but as of now no studies 
have compared those groups against each other4,8,37.  
Therefore, establishing that children with headaches are more prone to sleep 
disorders than children with other pain conditions may help pediatric clinicians identify 
patients who are at risk for developmental issues. Furthermore, as literature has reported 
a strong association between headaches and depression, this proposed study may also 
help pediatric clinicians identify patients who are at risk for psychiatric diagnoses9. It is 
for these reasons above why the relationship between chronic pain and sleep are crucial 
to study and monitor in pediatric clinical practice.  
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